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To all to whom these presents shall come; 

Whereas a petition has been presented to the 
Commissioner of Patents praying for the grant of 
a patent for a new and useful invention, the title 
and description of which are contained In the 
specification of which a copy is hereunto attached 
and made an essential part hereof, and the 
requirements of the Patent Act having been 
complied with, 

Now therefore the present patent grants to the 
applicant whose title thereto appears from the 
records of the Patent Office and as indicated in 
the said copy of the specification attached hereto, 
and to the legal representatives of said applicant 
for a period of seventeen years from the date of 
these presents the exclusive right, privilege and 
liberty of making, constructing, using and vending 
to others in Canada the invention, subject to 
adjudication in respect thereof before any court 
of competent jurisdiction. 

Provided that the grant hereby made is subject to 
the conditions contained In the Act aforesaid. 



In testimony whereof, these letters patent bear 
the signature of the Commissioner and the seal of 
the Patent Office hereunto affixed at Hull, Canada. 



A tous ceux qui les prtsentes verront; 

Consid6rant qu'une requite a 6t6 pr6sent6e au 
Commissaire des brevets, demandant la 
ddlivrance d'un brevet pour une Invention nouvelle 
et utile, dont le titre et la description apparaissent 
dans le m6moire discrlptif dont copie est annexde 
aux prgsentes et en fait partle essentlelle, et que 
ladite requdte satlsfalt aux exigences de la Lof 
sur les brevets, 

A ces causes, le present brevet confdre au 
demandeur dont le titre de proprldt6 audit brevet 
est dtabli d'apr£s les dossiers du Bureau des 
brevets et est indiqu6 dans iadite copie du 
m6moire descriptif ci-annex6, et aux repr6sentants 
Idgaux du dlt demandeur, pour une pdriode de 
dlx-sept ans, 6 compter de la date des prdsentes, 
le droit, la faculte et le privilege excluslf de 
fabriquer, construire, exploiter et vendre & d'autres 
au Canada I'lnvention, sauf jugement en f esptco 
par un tribunal de juridlctlon compdtente. 

La concession faite par les prdsentes 6tant 
soumlse aux conditions contenues dans fa lot 
pr6clt6e. 

En fol de quol ces lettres patentee portent la 
signature du Commissaire alnsi que le sceau du 
Bureau des brevets appos* d Hull, Canada. 
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Background of tha Invantlon 

Thla invention la In tha araa of organic aynthaala and 
is in particular a mathod for aynthaala of high moiacular walght 
poiyanhydridaa. 

Synthaala of aromatic poiyanhydridaa waa flrat raportad 
in 1909. In tha 1930'a, Carothara and Hill praparad a aarlaa of 
aliphatic poiyanhydridaa intandad aa aubatltutaa for polyaatara 
in taxtlla appllcatlona, aa raportad in J . Am* Cham. Soc, 32, 
4110 (1930), and J. Are. Cham. Soc , 34, 1569 (193:). In tha lata 
1930'a, A. Conix raportad poly (bla< p-carboxyphanoxy) aikana 
anhydrldaal having a much Improvad hydroiytla raaiatanoa aa wall 
aa axcallant film and f ibar-f ormlng propartlaa, in Hakromol. 
Cham. , 24, 7« (1937), and J. Polrm. Sci. , 29, 343 (1938). Thaaa 
polymara ara lnaolubla in common organio aolvant* howavar, ao 
thay cannot ba aolvant caat. Subaaquant atudiaa axaminad a 
nunbar of aromatic and hatarocyclic poiyanhydridaa. Including 
copolymara, ovar ona hundrad poiyanhydridaa had baan praparad by 
1963* aowavar, thaaa poiyanhydridaa wara navar commarciallxad, 
praaumably dua to tha problam of hydro lytic Instability. 

High Mlacular walght poiyanhydridaa ara aaaantial for 
biomedical appllcatlona whara auparior phyalco-machanlcal 
propartlaa Including film forming, high tanaila atrangth, yiald 
of braak and Up*ct ara raqulrad. Although aynthaala of 
poiyanhydridaa la wall documantad, poiyanhydridaa having a 
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molecular weight average in exeess of 19*000 to 20,000 and an 
Intrinsic viscosity in organic solvent! of greater than 0.3 di/g 
are not iyntheeized using any of the known methods. Previous 
rsports of polyanhydrides having higher molacular weighta wars 
basad on sstlmatsd molacular weights. Controllad studies using 
instrumentation not available whan thasa raports wars mada hava 
shown that tha polyanhydridae produced by solution polymerization 
and malt polymerization have a molecular weight average of a few 
thouaand up to at noet 20,000/ The low molecular weight 
polyanhydrlde polyners are limited by their low molecular weight 
(generally 12,300 mw) and eorraspondlng low intrinsic viscosity 
in solution (approximately 0.1 to 0.3 dl/g in organic ■oivents at 
room temperature). Although polyanhydrldss acs useful in 
controlled release drug delivery systems due to their hydro lytic 
Instability and the fact that they degrade Into monomerio diactde 
which are highly biocompatible , as shown by tissue response and 
toxicologlcal itudies, the rata of degradation is too rapid for 
■any applications. 

Further, the manufacture of controlled rslsaas devices 
la limited since the devloss incorporating the low molecular 
weight polyanhydridae can only be manufactured in two waysi by 
mixing the powdered polyanhydrlde with the bloectlve substances 
and then preasing the mixture into device* or by melting the 
polyanhydridae and bioactive substances at a relatively high 
temperature. The first method frequently results in a 
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non-homogeneous mixture or poor releaae kinetics and the second 
causes degradation of the incorporated drugs or a reaction 
between tha drugs and the polyanhydrides • 

It la daslrabla to ba abla to solvent cast the 

0 

polyanhydrides to form films Cor the manufacture of biomedical 
devices. Increasing the aromatic content and/or the molecular 
weight off theaa poiyanhydr Idas would Impart film forming 
propartiea to the polymers, films hava a numbar of advantages 
including a more homogeneous distribution of bloaetlve material, 
the ability to be cast as a aheet at ambient temperature for 
cutting up into the desired sites and shapes and desirable 
release kinetics for controlled release of bioactlve materials. 

In recent years , much research has boon dlrectad to 
developing polymeric compoaltiona and delivery systems for the 
programmed releaae of biologically active agents, especially 
drugs , over preselected periods of tin*. The purpose of theaa 
programmed release systems is to dispense the biologically active 
substance at a controlled and* preferably, constant rate after J^t 
vivo Implantation into a patient. Ons application of these 
systems is an improved therapeutic regimen wherein a phar- 
maceutical^ active drug la releaaed in * beneficial and reliable 
manner with the minimum potential for complications or failure to 
provide adequate dosage. 

U though controlled releaae of biologically active 
substances has been accompllahed in several ways, the preferred 



1274033 



mechanism It to utility an implanted polymeric matrix which 
degrades in vivo into soluble degradation products. The distinct 
advantage oC thia method is tha elimination oC the need Cor 
surgical removal oC the article at s later datt. Oaspita the 
desirability of such a mechaniara, however* feha development of 
polymeric matrix systems using bioecodible polymers Cor 
controlled release of active agents has not progressed quickly. 
In fact, few bioerodible polymers have been developed for 
biomedical or .In vivo use.' OC these, a faw polymeric 
formulations were designed speciClcally for tha releaae of 
biologically active substancee. Cxamplas of usafful poiycsrbonate 
and polyorthoester polymeric compositions are described in U.S. 
Patent Wo. 4,070,347. Polylatic acid and polylstlc/glycolic acid 
copolymers are commercially available substances used for 
controlled releaae at biologically active aubstancea. 

for a polymer to be uaeful ss a Mtrlx foe controllad 
release of a biologically -active substance, surf see erosion of 
the polymer should be the determining factor for release of the 
entrspped substance, rurther, to be •uitable for use in 
the polymeric matrix compoeition muet degrade Into low molecular 
weight, non-toxic products. Ideally, the polymeric matrix erodes 
at a preaelected, constant rate and the biologically active 
substance is released at s xero-order rats, without regard to the 
concentration oC any other chemical coraponant. To obtain a 
sero-order releaae reaction of active substances from the matrix. 
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it is nscsasary to utilize * Matrix geomstry which doss not 
change substantially in surf act arsa as a function of tims. 

To bs ussful aa a matrix for controlled ralaaaa of a 
biologically activa substance, tha composition must also not 
undergo bulk srosion which oftan occurs in addition to, or in 
placs of, surfacs eroaion, rendering ths antirs polymsr 
composition spongs-liks and causing brsakup of ths matrix. To 
sroda hstsrogsnsously, ths polymsr ahould bs hydrophobic yst 
contain wstar lablls linkagsa. lulk srosion is dlrsctly dus to 
ths hydrophilic nsturs of most biosrodlbls polymeric 
compositions, Hydrophilic biosrodlbls polymsrs incorporsts wstsr 
which is drawn into ths csntar of ths matrix. Folymsrs which 
undsrgo bulk srosion includs polyiactic acid, poiyglutamic acid, 
polycaprolactons and lactic/glycolic acid copolymsrs. 

Ons hydrophobic composition which is ussful for 
dsllvsry of biologically act Us subatanoss is polyorthosstsrs. 
An advantags to thsir uas is that hydrolysis of orthosstsr is pH 
ssnsltlvs and ptf may thsrsfors bs ussd for regulation of ths 
rslsass of ths actlvs substancs. sowers r, all polyorthosstsrs 
synthssixsd to data srs oftsn too hydrolyticslly stabls for uss 
in controllsd rslsass systems without acid catalysts includsd 
within ths matrix to promots biosrosion. As a conssqusncs, ths 
polyorthosstsr polymsrs-additivs systsm swsll substantially whsn 
attempts are mads to supprsss dsgradation in ths intsrior of ths 
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matrix/ the rat* of availing often dominating and affecting 
the rata of ralaaaa for the active subetances more than 
the rate of eroaion itself. 

Other compoaitiona ahown for example ia U.S. patent 
4/891/225 which are uaeful aa hydrophobic polymeric matrices 
for the controlled release of biologically active substances 
after implantation are polyanhydride polymers prepared 
by a modification of the melt polycondensation synthesis 
method of Conix, described in Macro Synth . I, 95-96 (1966)/ 
in which the prepolymer is recryatall ized Initially to 
provide a more pure/ higher molecular weight unit for polyme- 
rization. Selected polyanhydrldee completely degrade to 
their monomers under physiological conditiona at rates 
useful for drug delivery. Degradation rates are high in 
polymers or copolymers of sebacic acid. Eroaion rates are 
highly dependent on the number of methylene groups. As 
with the other reported polyanhydrldee/ these polymers 
alao have low molecular weight (up to 15/000) and intrinsic 
viscosities (up to 0.3 dl/g). As a result/ their phyeico- 
mechanical properties and release Kinetics are leea than 
ia deaired. 

It is therefore an object of the invention to provide 
a method for synthesizing high molecular weight polyanhydride 
polymers. 

It ia another object of the invention to provide 
less hydrophobic high molecular weight polyanhydride polymers 
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for uaa in biomedical application*/ aapacially controlled 
ralaasa of biologically-activa aubatancaa in vivo * 
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SUMMARY OF THE INVENTION 

The present invention is a method for synthesizing 
high molecular weight polyanhydridee wherein a high molecular 

weight polyanhydride is defined as having a molecular weight 

average in excess of 30/000 and is characterized by an 

intrinsic viscosity of greather than 0.3 dl/g in organic 
solvent at room temperature. 



there is provided a high molecular weight polyanhydride 
having a weight average molecular weight of greater than 
20/000 and an intrinsic viscosity of greater than 0.3 dl/g 
in chloroform at 23°C, said polyanhydride produced from 
at least one dicarboxylic acid selected from the group 
consisting of; 



According to a first aspect of the invention 



aliphatic dicarboxylic acids having the formula: 



H00C-H 9 C-H-CH 5 -C00Hj 



aromatic dicarboxylic acids having the formula; 




aromatic dicarboxylic acids having the formula: 



HOOC 
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aliphatic-aromatic dicarboxylic acids having 
the formula: 



HOOC-H C-R "VV^/TCOOH; 



aromatic and aliphatic heterocyclic dicarboxylic 
acids having the formula: 



HOOC-R, -< 2 VR-COOH 





'1 \ / I 



wharain X is salactad from tha group consisting 
of oxygen, nitrogan# and sulfur, and n is an intagar batwaan 
1 and 3; and aromatic and aliphatic hatarocyclic dicarboxylic 
acids of tha abova formula in combination with at laast 
ona dicarboxylic acid salactad from tha group consisting 
of aliphatic dicarboxylic acids, aromatic-aliphatic dicar- 
boxylic acids, and aromatic dicarboxylic aoids having mora 
than ona phanyl group; vharain tha R groups ara divalant 
organic radical groups* 

According to a sacond aspact of tha invention 
there is provided A high molecular weight polyanhydride 
synthesized by: polymerizing at least one highly pure pre- 
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polymer produced from a mixture of anhydrides prepared 
from at laaat one highly pure dicarboxylic acid at a tam- 



having a weight average molecular weight in excess of 20,000; 
removing the polyanhydride condensation product having 
a weight average molecular weight In excess of 20,000 formed 
by said polymerization; and stopping said polymerization 
before said polyanhydride condensation product decreases 
in molecular weight. 



there is provided A composition comprising a high molecular 
weight polyanhydride having a weight average molecular 

weight of greater than 20,000 and an intrinsic viscosity 
of greater than 0.3 dl/g in chloroform at 23°C said polyan- 
hydride produced from at least one dicarboxylic acid selected 

from the group consisting of : 



perature and for a reaction time to form a polyanhydride 



According to a third aspect of the invention 



aliphatic dicarboxylic acids having the formula! 



HOOC-H,C-R-CH,-COOH? 



aromatic dicarboxylic acids having the formula i 



HOOC 
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aromatic dicarboxylic acida having tha formula: 



BOOC 




COOHl 



aliphatic aromatic dicarboxylic acida having 
tha formula: 



of oxygan* nitrogan/ and aulfur and n ia an intagar batvaan 
1 and 3; and aromatic and aliphatic hatarocyclic dicarboxylic 
acids of tha abova formula in combination with at laaat 
ona dicarboxylic acid aalactad from tha group conaisting 
of aliphatic dicarboxylic acida, aromatic-aliphatic dicar- 




aromatic and aliphatic hatarocyclic dicarboxylic 



acids having tha formula: 




wharain X is aalactad from tha group conaiating 



8C - 



vhsrsin X is sslsctsd from ths group consisting 
of oxygsn/ nitrogsn/ and sulfur and n is sn intsgsr bstvssn 
1 and 3j and aromatic and aliphatic heterocyclic dicarboxylic 
acids of tht abovs formula in combination with at lsast 
ons dicarboxylic acid sslsctsd from tht group consisting 
of aliphatic dicarboxylic acids/ aromatic-aliphatic dicar- 
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boxylic acids, and aromatic dicarboxylic acids having mora 
than ona phanyl group, vharain R groups ara divalant organic 
radical groups. 

According to a fourth aspact of tha invantion 
tharo is providsd A high molecular waight polyanhydcide 
having a waight average molecular waight of graatar than 
20/000 and an intrinsic viscosity of graatar than 0.3 dl/g 
in chloroform at 23°C, wharain said polyanhydrida is 
producad from at laast ona dicarboxylic acid salactad from 
tha group consisting of ssbacic acid/ 4, 4'-[a, w-alkanediylbia 
(oxy) ]bis [ benzoic acid]/ isophthallc acid/ dodacanadioic 
acid/ 2,2 , -[l/4-phenylenebis(oxy)]bisacetic acid/ 1,4-bis 
(carboxymethyl ) benzene, 2, 2 ■-[ ( 1 -methyls thylidene )bis ( A, 1- 
phanylanaoxy ) ]bisacat ic acid/ 2, 2-bia(4-earboxyphenyl )pro- 
pana; taraphthalic acid; 1/4 phanylana diproplonic acid; 
4,4 , -(n-al)cylidene)bia[benzoic acid]; and cyclohaxana 
dicarboxyl ic acids. 

According to a fifth aspact of tha Invantion 
thara is providad A mathod for synthasizlng a high molacular 
waight polyanhydrida comprising; polymerizing at laast 
ona highly pura prapolymar praparad from at laast ona highly 
pura dicarboxylic acid at a tamparatura and for a raaction 
tima to form a polyanhydrida having a waight avarags molacu- 
lar waight in sxcass of 20/000; ramoving tha polyanhydrida 
condansation product having a waight avaraga molacular 
waight in excess of 20/000 formad by said polymerization; 
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and stopping said polymerization before said polyanhydride 
condensation product decreases in molecular weight. 

In the preferred method/ the high molecular weight 
polyanhydrides are synthesized by melt polycondensation 
of highly pure dicarboxylic acid monomers converted to 
the mixed anhydride by reflux in acetic anhydride for 15 
to 30 minutes; isolation and purification of the isolated 
prepolymera by recryetallizationj and melt polymerization 
under low pressure (10- 4 mm) with a dry ice/acetone trap 
at a temperature between 140°C and 250°C, more preferably 
180°C, for between 10 and 300 minutes, more preferably 
90 minutes. Higher molecular weights are obtained by inclusion 
of a catalyst which increases the rate of anhydride interchain 
exhange. Catalysts which are useful include any catalysts 
active in traneesterif ication, ring opening polymerization 
and related polymerizations. The preferred catalysts are 
heterogenic coordination catalysts/ such as Cd(CH 3 COO) 2 > 
earth metal oxides 
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such as Ca0» MO and CaCOj, and eompiaxas of XnCtj **d 
hydroxylatad aclaculas. 

In tha axamplaa, highar molaeular waight polyanhydr idaa 
ara producad from mo noma ri such aa sabacle acid CSA) , 
bis (p-carboxy-phanoxy) propana (CPP), isophthallc acid (Iph), 
and dodacanadioic acid (00). Sxamplaa ara also includad of 
eontrollad ralaaaa Jti tIvo and ±n yitro from davicas formad of 
high molaeular waight polymars. 

Prlaff Daacrtptlon of tha Dravinga 

rig. 1(a) la a datarmination of tha molaeular waight 
distribution of CPPsSA ( 20 i 60 ) polymar. 

rig. Kb) la a graph of tha molaeular waight (xl0~3) of 
CPPttfA (20il0) aa a function of tima (tain) of polymsrisat ion at 
1I0*C (m w • waight avaraga). 

fig. 2 la a graph of tha molaeular waight (xl0~*) of 
CPFilA (20il0) aa a function of tamparaturs (1S0*C, 1I0*C# 220*C> 
ovar tima (mln) . 

rig. 3 ia a graph of tha molaeular waight (xi0-3) of 
CPPtSA (20t80) polymars polymariiad by malt poiycondanaat ion in 
tha prasanca of no catalyst or 2 mola % catalyst* calcium ox Ida, 
barium oxida, calcium carbonata and cadmium aoatata, aa a 
function of tima of polymarlsation (mln) • 
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fig. 4 is * graph of tho tanaila atrangth (kg/cra*) C C 
poly(CPPi3A) films as a function of tha parcant CFP and molacular 
valght. 

rig. 9 ia a graph of tha parcant eoiehieina ralaaaad j£ 
vitro from ona ma polyCPPtSA(30i70> film at pit 7.4 and pM 2.0 
ovar tima (hr) • 

rig. 6 ia a graph of tha pareant lnaulin ralaaaad J^q 
vitro ovar tima (hr) from 300 Micron polyCPPi*A( 20i80) 
■icroaphacaa in pH 7,4 buffar at 37 # C. 

rig. 7a ia a graph of glucoaa (mg/dl) in urina ovar tima 
(days) damonatrating tha affact of J^n vivo ralaaaa ot insulin in 
rata from 300 micron fflieroahparsa fonnad of polyCFPi SA( 20 i 10) of 
9% lnaulin loading. 

rig. 7b la a graph of glucoaa (mg/dl) in blood ovar 
tima (daya) damonatrating tha af fact of £n vivo ralaaaa in rata 
of lnaulin for 300 mioron mloroapharaa Cormad of 

polyCPPsSA(20i80) of 91 lnaulin loading. 

rig. I la a graph of gluooaa (mg/dl) In blood ovar tima 
(daya) damonatrating tha affaot of ^n vivo lnaulin ralaaaa in 
rats from a 0.9 mm polyCFPt 3A( 20 i 80) eila of 9% lnaulin loading. 

Patallad Oaacrlotlon of tha Invantlon 

Tha praaant invantlon is a mathod for aynthaslxing high 
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nolacular vaight polyanhydridaa vhsrsin high molacular walghts 
polyanhydridaa (HMW PA) ara daflnad as polyanhydridaa having a 
■olacular vaight in sxcass of 20,000 or as having a high 
intrinsic viscosity in axcass of 0.3 dl/g in organic solvents at 
room tsnparatura. Tha HMW PA ara particularly uaaful in 
biomadlcal applications, such as in controllsd rtlaass drug 
dalivary systams. 

Tha oat hod Cor aynthaalxlng tha HMW PA consists ofi 
salacting highly pura prtpolynars consisting of mlxad 
anhydrldas praparad from highly pura dlearboxylla aolda vharaln 
tha anhydrldas ara formad by rafluxlng tha diaeids in acatlo 
anhydrida, propionic anhydrlda, or othar ahort aliphatic 
anhydrldas or by raaetlng tha dlaclds with sostyl ehlorlda or 
othar short aliphatic acid chlortdas in tha praaanoa of an 
organic bass auch as trlathylanlnsr 

polynsrising tha highly pura prapolymsrs st a 
tamparatura and for a tins such that a high molacular vaight 
polyanhydrlda is formad, gsnsrally in tha ranga of 140"C to 
230 # C, for a pariod of 10 to 300 mlnutaa for tha prafarrad 
■onomars; 

ramovlng tha condansation product formad by tha 
polymerization, prafarably by aaans of a chiliad trap undar 
vacuum; and 

stopping tha raactlon at tha point bafora tha hmw pa 
bagin to dagrada or forming an inaolubla gol« 
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Tha tlma and tamparatur'a of tha polynia r lzat ion ace In 
cooperation to yiald a HMW compound. Tha polyraar eompoaltlon La 
alao important. Xn tha following axamplaa, polymarixlng the 
prapolymara for batwaan 60 and 120 minutaa, moat prafarrably 90 
ainutaa, at a tamparatura of batwaan 130*C and 220*C, moat 
prafarrably "180 # C, waa found to yiald tha highaat molacular 
waighta for polytoara eompoaad of tabaolo aoid, 

bla(p-carboxyphanoxy)p.ropana* iaophthalle acid and dodacanadlole 
aoid. 

Polymara may ba aynthaaixad from highly pura laoiatad 
prapolymara formad fromt 

aliphatic dlcarboxylic acida, aa dafinad by tha 
formula s HOOC-HjC-R-CHj-COOHj 

aromatic dicarboxylio acida, aa dafinad by tha 

f ormulaai 

HOOC— COOH or 
HOOC"@-COOH, 

aromatic-aliphatic dicarboxylio acid, aa dafinad by tha 
formula: HOOC-- BiC-K-^HCOOB i 

oomblnationa of aromatic* aliphatic and 
aromatic-aliphatic dlcarboxylic aclda; 

aromatic and aliphatic hatarocyclic dlcarboxylic acid* 
dafinad by tha formula i 

<CH 2 ) n 
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vharain X ■ 0, N or 3 
n • 1 to 3; 

and Aromatic and aliphatic heterocyclic dlearboxyllc 
acids In combination with aliphatic dlearboxyllc aclda, aromatic- 
aliphatic dlearboxyllc aclda, and aromatic dlearboxyllc adds of 
mora than ont phenyl group* Tha formulas art to bo eonatrutd to 
ineluda aubatltutlona on tha aromatic groups of tho dlearboxyllc 
add. 

In addition to tha monomars uaad to form tha copolymers 
in tha axanples, tha following monomars srs praftrrad for uas in 
aynthealslng oopolymara for blomadlcal appiioat lonai 
bls(p-carboxyphanox7)al1canai; Hydroquinone-O, 0* dlacatle aeld; 
1 t 4-bia-carboxymathyl benxenei 

2#2-bla(4-hydroxphanyl)propane-0, O'-dlaoatlo aoldr 

2, 2-bis( 4-carboxyphenyl) propane r taraphthallc add; 

bis ( 4-carboxyphenyl Ulkanei* 1*4 phanylsns dlproplonlo aoldr and 

eyelohaxana dlearboxyllc acids. 

Tha molaoular valght of tha polymer a oan bo 
significantly inorsassd by lnsludlng a ostalyst with tha 
prapolymars in tha malt polymerisation. Any catalysts ussd for 
tranatarification, ring opsning polymaritation and rslatad 
polymerisations ara ussful In tha dlaeloaad examples, acid, baas 
and coordination catalyses* sueh aa Cd(CHjC00>2> sarth natal 
oxldea including CaO, SaO, and CaC0 3 , and M*a-HaO «• 
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Heterogenic coordination catalysts are preferred alnce the 
catalyst can be easily removed from the polymer for biomedical 
use* 

High oolecular weight polyanhydrldes are eynthesired by 
■elt polycondensation with two important modifications! pure 
Isolated prepolymere are used in the polymerisation reaction and 
the reaction conditions are carefully controlled. 

Zn the preferred method, the dicarboxylie acid monomers 
are converted to the mixed anhydride by total reflux in acetic 
anhydride. Caution muat be taken to avoid excessive reaction. 

Polyanhydrldes composed of the monomers t sebaclc acid 
(SA), bls(p-cerboxyphenoxy)propane (CPP) , Isophthalic acid <IPh>, 
and dodecanedloic acid (00) are used in the following examples. 

Sebacic acid, dodecanedloic acid, (991 Aldrioh Chemical 
Co., Milwaukee, HZ) were recrystallised three times from ethanoi. 
•le(p-carboxvphenxy) propane wee syntheslsed aoeordlng to the 
method of Conix, Hacro Synth . 2, 95-99 (1916). Isophthalic acid 
(99%, Aldrlch) waa recrystalllssd twice from ethanoi. All 
solvents were analytical grade. 

The following catalystst calcium oxide, calcium 
carbonate, diethyl sine (IS wt % eolution in toluene), cadmium 
acetate hydrate (Aldrlch), barium oxide (CM Sciences, New 
Jersey), w«re reduced to lees than 90 micron particle eise before 
use. 
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Tha polynara and prapolymara vora oharaotarltad by 
infrarad spectroscopy, thermal analysla* molting point, 
viscosity, straaa-ttrain and GPC. 

Zn£rarad apactroacopy was parfornad on a Parkin-Elrasr 
Spactrophotomatar Modal 1430. Poiywarlc aamplaa vara Cllra caat 
onto NaCl pUtaa from aolutlona of tha polymor In chloroform. 
Prapolymar aafflplaa vara althar praaaad into KBr pallata or 
dlaparsad in nujol onto NaCl plataa. 

Tharmal analyala of polynia n vat datarolnad on a 
Parkin-ilaar DSC-2 diffarantial Scanning Caiorlmatar amploying a 
haating rata of 20*/mln. Tha malting point of prapolymara vaa 
datanoinad on a f iahar Johna malting point apparatua. Tha 
■olacular weight of tha polyroara and prapolymara v*ra aatiaatad 
on a ParHtn-Eimor GPC aystaa conaiatlng of tha aarlaa 10 pump, 
tho 3600 Data Station and tha LO 214 - rapid apaetral datactor 
at 294 na. tfamplaa vara alutad in ohlorofora through tvo PI Gal 
eolunna (Polymar Laberatorlaai 100 Angstrom and 1000 Angatrorea 
pora alias) in aarlas at a flov rata of 1.9 ml/*in. Folyetyrana 
< Poly sc lanes PA) vaa uaad aa tho calibration standard, Tho 
viscosity of tho polymars vaa moaaurad in an Ubbolohda Vlacomatar 
(cannon 79) at 23'C using 1# 0.9 and 0.29 I v/v polymar in 
chloroform solution. 'H-NMR spactra vora run on a Srukar AM-290 
apoctromatar in CX13. Tho moohanloal propartiaa of films 
compoaad of CPPiSA copolymara (saa baiov) vora datarminad on an 
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Instron Instrument Model 1122 stress-strain teeter at an initial 
strain rats of 0.09 mm/min following ths ASTM designation 0862-81 
for tonsils propertiee eharactsrizatlon of thin plastic sheeting. 

Polymer films of 0.8 an thickness were prsparsd by a 
solvent cashing method as follows. Solutions of CPPtSA 
copolymers (20%* w/v) in dichloromethane were cast on glass petrl 
dishes. The dishes were placed on dry ice or stored at -20 # C for 
solvent evaporation. Strong end flexible films (0.8 ma thick) 
were obtained. The films were stored under vacuum in a 
CaCl 2 desiccator. 

The composition of CPPtSA copolymers wss determined by 
•H-NMR from the ratio of the peaks intsgration 1-1*3 PPM <SH, 
sebaclc acid) and i-« . 9-8 . 2 PPM OH, CPf) • The degree of 
ollgomerlzatlon of the prepolymers wss determined from the 
integration of a repressntatlve peak of the repeating unit and 
the methyl terminals peak of the scetle mixed anhydride end 
group. 

Polyanhydridee were syntheslssd by melt 
polycondensatlon, modifying to the method described by Mill and 
Carothersjln J. Am. Chen. Soc 54, 1949 (1132) and 99, 9023 
(1933) by using highly purs Isolated prepolymers and optimising 
the reaction conditions (temperature, lime, removal of 
condensetlon product). 
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of ths prsssnt invtntion. Two parlods can bo dsflnsd in ths 
polymer 1 1* t ion process, tha Mnt up to 45 minuets and ths ascond 
up to 90 minutss. In ths sseond psrlod, ths molscular wsight 
incrsasss without any shift of ths main fraction. This can bs 
sxplainsd by ths formation of a rslativaly homogsnic molscular 
wsight distribution, which thsn couplss, partially yltldlng a 
high molscular wsight fraction, rig. lb shows ths Mv of 
CPFs9A( 20x80) as a function of tins of polymsrisat ion. 

rig. 2 is a graph of ths molscular wsight avsrags of 
CPPiSAC20i80) at various tsmpsratursss 130 # C, 180 # C and 220«C; 
as a function of tims of polymsrixation (minutss). It is clsar 
from this graph that ths t Iras and tsmpscaturs ean bs optimlssd 
for sach polynsr composition to maxim lis molscular wsight. 
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Tabla I; MoUeuUr wight of oolvtnhvdr ld<a * 



Poivmar 


MoUculir « 


*iahf Viaeoaitv"* 


Halt. Pt 






fnMdl/o) 


£1 


polySA 


104,800 


0.14 




poly (CPPjSA) (20i80) 


11**800 


0.93 


72-74 


poiytCPPiSAHSStaS) 


87,900 


0.86 


126 


poly(IPhiSA) 


121,100 


0,13 


72 


poly(DD) 


122,800 


1.11 


94 


poly<CPPiDO)(20i80) 


120,300 


1.05 


73 



Polymar list ion undtr 160*, 90 minutaa 

GPC - Calibratad with Polystyrana atandarda 

Chloroform, 23*C 



Tha molacular walght avsraga of tha high molscular 
weight polyanhydrldaa can ba significantly lneraassd by nixing a 
catalyst Into tha prapoiymara and than malt polymarislng undar 
optimum conditions. Catalysts v«rs found to hava a minor affact 
on tha nuabar avcraga molacular walght. Tab la 2 compacts tha 
▼iscoslty and molacular wsight avaraga for CVFtflA (20t80) 
polymars aalt-polymarixad at 180 # C using 2 mola I coordination 
oatalysta. tflgnlf icantly hlghar molacular walght in shortsr 
timaa w«ra achiavad with Cd{CH 3 COO) 2 , aarth raatal oxldas* calcium 
carbonata and ZnCtj-HjO. Tha ttv of C7Pi3A( 20 i 80) incraasad up to 
240,133 with catalyst, in comparison to a Mw of 116,600 without 
catalysts* Thasa catalysts ara prafarrad alnca tha rsactlon typa 
la hataroganic, rasultlng in aasy saparatlon oC tha catalyst/ a 
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requirement foe use of the polymer in vivo or in other medical 
applications. 

Table 2 Holt Poiymeriration of CP?- 5 A (20t80) 
Using Coordination Catalysts # 

polymerisation viscosity" molecular weight*** 
catalyst time fmln) fnl(dl/o> Hw 

no catalyst 10 0.12 ill, 100 

barium oxide 30 0.16 113,226 

cadmium acttatt 31 1.13 340,133 

calcium oxidt 20 0.11 140,933 

calcium carbonate 21 0.11 121,763 

z nCt2-H 2 0 (111) 10 1.11 199,060 

* 2 mola I 

Chloroform, 23*C 

GPC - calibrated with polystyrene standards 

Tha molecular weights of CPPtSA <20sS0) polymerised 
with 2 mola % catalyse ara daplctad In rig. 3 aa a function of 
time of polymerisation (mln). Calcium oxide, barium oxide, 
calcium carbonate, and cadmium acetate were used as the 
catalysts. The Mw and polymerisation time for tha polymarlsation 
of polyanhydride at 180"C with the catalyst cadmium acetata (2 
mole* cadmium acatatat 10 m mola prepolymer) ara listed in 
Table 3. 
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capillary nitrogen inlet. The tube was immersed in en oil bath 
at 180 # C. After the prepolymers were welted (X Minute) , high 
vacuum (10-4 m H g) wee applied through the aide arm. The 
condensation product (acetic anhydride) was collected in an 
acetone/dry ice trap. During the polymerisation a strong 
nitrogen sweep with vigorous agitation of the melt was performed 
for 30 seconds every IS minutes. 

The crude polymer was purified by precipitation in dry 
petroleum ether from dlchlorome thane solution. The precipitate 
was then extracted with anhydrous ether for several hours at room 
temperature. 

When catalysts were used, 2 molar percent catalyst was 
mixed with the prepolymers prior to polymerisation. The 
Insoluble heterogeneous catalysts were removed from the polymer 
solution by filtration. 

The molecular weight average, viscosity, and melting 
point of polyanhydrldes syntheslsed using the method of the 
present invention are shown in Table 1. The molecular weight 
average of theee polymers ranged from I7 # t00 up to 122,100. The 
number average molecular weight that was obtained was in the 
range of 20,000 to 33,000. 

rig. la shows the Hv distribution of CPPiSAt 20 1 80 ) 
polymers as a function of time of polymerisation using the method 
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Tabla 3s Polymaritation of polyanhydridaa 
using cadmium iciuti aa citalvie 

polymarliatlon 
Dolytnar tlma (mln) Mw 

P(IPhi3A){20iB0> 40 171,100 

KXPhi8A)(30i30> 33 17,130 

P(CP*iOO){20i80) 33 184,900 

P(CPP:00) (50i30) 40 11,030 

00 CO 134,200 

8A CO 138,300 

Thaaa raaults damonatrata chat high molacular weight 
polyanhydridaa can ba aynthaaixad from purt laolatad prapolymara 
by malt-condanaation undar optimum conditiona. In tha axamplas, 
thaaa conditiona wara within a narrow ranga, batvaan 130*C and 
220 # C, prafarably 180*C, Cor a tire a of from 60 to 120 minutaa, 
prafarably 90 mln. Tha molacular walght of thaaa polymara can ba 
algnif icantly incraaaad by including a eatalyat, prafarably a 
coordination eatalyat auch aa Cd Acatata, an aarth matal oxida, 
calcium carbonata or complax of Z n Ct2-hydroxylatad compound. Tha 
polymara formad ualng thaaa mathoda Including polymara formad 
from aabacic acid, dodaoaradiolc aold, blatp-oarboxyphanoxy ) 
propana, laophthalle acid, and eomblnationa tftaraoC, having 
■olacular walghta up to 240,133 and lntrlnaio viacoaity of up to 
1.18 dl/g. 

Tha high molacular walght polyanhydrlaa hava lmprovad 
phyalco-m«chanlcal propartiaa aa ah own in rig. 4. rig. 4 la a 
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graph* of the tensile strength of films mads of CP? copolymers as 
ia function of percent CPP and as a function of molecular weight 
'increasing either the percent CPP or the molecular weight 
Increases tensile strength. 

j These polymers have many useful applications , 

particularly in the biomedical area, ror example, they may be 
used to form a bloerodible matrix for controlled release of a 
toioactive compound such as nutrients, drugs, and compounds having 

(agricultural applications. They are also useful in the 

I 

manufacture of sutures, protective coverings, for example, to 

replace skin on burn patients; to secure wounds; as patches 

i 

tfollowlng surgery; and as absorbable bone replacement*. 

The following examples demonstrate the use of HMW pa 
[Synthesized according to the method of the present Invention. 

i 

Example 1: £n vitro release of colchicine from a 

i PQlvCPPtSA( 3 0t70) film of SI colchicine loading 

| The in vitro release rate for a representative drug, 

jcolchiclne (400 mw), from a poiyCPPt SAC 30t 70) film is shown in 

jflg. S as the percent releaee over time <hr) at J7»C in buffered 

solutions having a pU of 2.0 and 7.4. The one mm thick film was 

formed by solvent easting the 31 colchicine - polyCPPilA(30t70) 

(solution mixture. 

| The results demonstrate that a controlled release 

•occurs over a period of at least six days at pK 7.4 due to 
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aurface erosion of the polymer. Since the polymer la relatively 
stable at pH 2.0, thara la no leaching of tha colchicine out of 
tha film due to other factora. 

Example 2i lr\ vivo ralaaae of lnaulln from 300 micron 
polyCPPiSA(20t80) mlcrocapaulea 

The Jin vivo releaae rata of ineulin, a polypeptide 

hormone of approximately 6000 molecular weight* from 300 micron 

polyCPP:SA(20:80) microspheres la ah own in rig. 6* The percent 

ralaaae of lnaulln Into 0,1 M phoaphata buffar pH 7.4 at 37 # C 

claarly eatabliahaa that saro order ralaaaa la occurring over a 

parlod of approximately two weeke. 

The polyC»PHA(20i 10) haa a molecular weight average of 

•2,000. 

Example 3: In vivo release of lnaulln In rata from 300 micron 
polvCPPtSA( 20i80) rajcrocipaulea 

The effectiveness of lnaulln releaae In vivo in rata 

(average 200 g) from 300 micron polyCPPiSAt 20 i 60) microspheres 

of 31 lnaulln loading demonstrated In fig, 7a and 7b. rig. 7a la 

a graph of glucoae (mg/dl) In urine over eight daya. rig. 7b la 

a graph of gluoose (mg/dl) in blood over eight daya. Tha lnaulln 

la raleaaad over a period of several daya, with an ef fsotlveneaa 

of four to five daya at thla loading in microsphere of this 

else and composition. The mleroepheres totally dlaappear after 

aeven daya. 
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The polyCPPiSA(20t80) polymers Coming injectible 
mierosphsrss of 300 microns hava * molecular weight of 
•2,000. PolyCPPtSA(20t80) polymers formd using the prior art 
methods hava a molscuisr weight of 12,000. Although not dlrsctly 
comparabla, largar non-injsctlbls siss mierosphsrss formed of 
ths low molscuisr weight polyCPPiSA< 20t80) of spproxinstsly 800 
aicrons in diameter, of 51 insulin loading srs required to obtain 
an sffsctivs rslsass ovsr a psrlod of thrss days. 

Example A 1 In vivo rslsass of insulin in rats from a 0.3 mm 

thlclTTolyCPPt3A{ 20*80) film 

rig. 8 shows ths sf fsetivsnsss of ^ vivo Insulin 
rslsass in rats ovsr a psrlod of ssvsral days from a 
polyCPPiSA( 20-80) film of 3% insulin loading. Ths 0.3 mm thick 
film is prsparsd by suspending ths insulin in ths polymer 
dissolved in chloroform and oastlng. Aftsr removal of ths 
solvent, the 200 mg film is surglcslly Implanted under the skin 
of ths rats (200 g aversgs). 

Rsleess of the Insulin from the films is sffsctivs in 
controlling blood gluoose levels for spproxlmsttly Civs days, 
slightly longsr than rslsass from the 300 micron mierosphsrss of 
•3% insulin loading of example 3. However, films have an even 
more Important advantage over the Injectable microspheres in 
that they may be surgically rsmoved if there is s problem with 
the drug being relesssd. Due to their particular naturs and 
scsttsrlng, removal of mlcroepheres is sxtrsmely difficult. 



1274339 



This invention has been described with reference 
to its preferred embodiments. Variations and modifications 
of the method and high molecular weight polyanhydridea 
produced thereby will be obvious to those skilled in the 
art. It is intended that all of thasa variations and modif- 
ications be included within the scope of the appended claims. 
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CLAIMS: 



(1) A high molecular weight polyanhydrida having 
a vaight avaraga molacular vaight of graatar than 20/000 
and an intrinsic viacoaity of graatar than 0.3 dl/g in 
chloroform at 23°C, aaid polyanhydrida productd from at 
laaat ona dicarboxylic acid aalactad from tha group conaiating 
of: 



aliphatic dicarboxylic aoida having tha formula: 



HOOC-H 2 C-R-CH 2 -COOH ; 



aromatic dicarboxylic acids having tha formula: 




aromatic dicarboxylic acida having tha formula: 




aliphatic-aromatic dicarboxylic aoida having 



tha formula: 
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aromatic and aliphatic heterocyclic dicarboxylic 
acids having the formula: 



wherein X is selected from the group consisting 
of oxygen/ nitrogen/ and sulfur/ and 

n is an integer between 1 and 3; and 
aromatic and aliphatic heterocyclic dicarboxylic 
acids of the above formula in combination with at least 
one dicarboxylic acid selected from the group consisting 
of aliphatic dicarboxylic acids/ aromatic-aliphatic dicarboxylic 
acids/ and aromatic dicarboxylic acids having more than 
one phenyl group; 



HOOC-R 



1 




wherein the R groups are divalent organic radical 



groups. 



(2) A high molecular weight polyanhydride synthesized 



by: 



polymerizing at least one highly pure prepolymer 



produced from a mixture of anhydrides prepared from at 



least one highly pure dicarboxylic acid at a temperature 
and for a reaction time to form a polyanhydride having 



a weight average molecular weight in excess of 20/000; 



removing the polyanhydride condensation product 
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having a weight average molecular weight in excess of 20/000 
formed by said polymerization; and 

stopping said polymerization before said polyanhydride 
condensation product decreases in molecular weight. 

(3) The high molecular weight polyanhydride 

of Claim 2 wherein at least one dicarboxylic acid is selected 
from the group consisting of sebacic acid/ 4/4'-[a/W- 
alkanediylbis(oxy) ] bis [benzoic acid]/ isophthalic 
acid/ dodecanedioic acid/ 2, 2'-[l/4-phenylenebis(oxy) ] bis- 
acetic acid/ l/4-bis(carboxymethyl)benzene/ 2/ 2 1 - [ (1-methy- 
lethylidene)bis( 4/ 1-phenyleneoxy ) ]bisacetic acid/ 2, 2 '-bis (4- 
carboxyphenyl ) propane; terephthalic acid; 1/4 phenylene 
dipropionic acid; 4, 4 ! -(n-alkylidene)bis[benzoic acid]; 
and cyclohexane dicarboxylic acids. 

(4) The high molecular weight polyanhydride 

of Claim 2 synthesized by polymerizing at least one highly 
pure prepolymer with a catalyst. 

(5) The high molecular weight polyahydride of 
Claim 4 wherein said catalyst is selected from the group 
of catalysts consisting of acid/ base and coordination 
catalysts. 

(6) The high molecular weight polyanhydride 

of Claim 5 wherein the catalyst is selected from the group 
consisting of (CH^COOj^Cd/ alkaline earth metal oxides/ 
calcium carbonate and complexes of diethylzinc and hydroxylated 
compounds • 
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(7) A composition comprising a high molecular 
weight polyanhydride synthesized by: 

polymerizing at least one- highly pure prepolymer 
produced from a mixture of anhydrides prepared from at 
least one highly pure dicarboxylic acid at a temperature 
and for a reaction time to form a polymer having a weight 
average molecular weight in excess of 20/000; 



having a weight average molecular weight in excess of 20/000 
formed by said polymerization; and 

stopping said polymerization before said polyan- 
hydride condensation product decreases in molecular weight. 

(8) A composition comprising a high molecular 
weight polyanhydride having a weight average molecular 
weight of greater than 20,000 and an intrinsic viscosity 
of greater than 0.3 dl/g in chloroform at 23°C, said polyan- 
hydride produced from at least ont dicarboxylic acid selected 
from the group consisting of: 



removing the polyanhydride condensation product 



aliphatic dicarboxylic acids having the formula! 



H00C-H 5 C-R-CH,-C00H; 



aromatic dicarboxylic acids having tht formula: 



HOOC 
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aromatic dicarboxylic acid* having the formula: 



HOOC 




COOH; 



aliphatic aromatic dicarboxylic acids having 
tha formula: 



aromatic and aliphatic heterocyclic dicarboxylic 
acids having tha formula: 



vharain X la aalactad from tha group consisting 
of oxygen, nitrogen/ and sulfur and 

n is an integer between 1 and 3; and 

aromatic and aliphatic heterocyclic dicarboxylic 
acids of the above formula in combination with at least 
one dicarboxylic acid selected from the group consisting 
of aliphatic dicarboxylic acids, aromatic-aliphatic dicar- 





- 32 - 



1274339 



boxylic acids, and aromatic dicarboxylic acids having mora 
than one phenyl group, 

vharain R groupa ara divalant organic radical 

groups. 

(9) A high molecular weight polyanhydride having 
a weight average molecular weight of greater than 20,000 
and an intrinaic viacoaity of greater than 0.3 dl/g in 
chloroform at 23°C, wherein said polyanhydride ia produced 
from at least one dicarboxylic acid selected from the group 
consisting of aebacic acid, 4,4' -[•/ v-alkanediylbie<oxy) Jbie 
[benzoic acid], ieophthalic acid, dodecanedioic acid, 2,2*- 
(l,4-phenylenebia(oxy)]biaacetic acid, l,4-bis(carboxymethyl ) 
benzene, 2, 2*-( (1-methylethylidene )bia(4, 1-phenyieneoxy ) ] 
bisacetic acid, 2, 2-bia ( 4-carboxyphenyl ) propane ; terephthalic 
acid; 1,4 phenylene dipropionic acid; 4, 4 1 - ( n-alkylidene )bis 
[benzoic acid]; and cyclohexane dicarboxylic acids, 

(10) A method for synthesizing a high molecular 
weight polyanhydride comprising; 

polymerizing at least one highly pure prepolymer 
prepared from at least one highly pure dicarboxylic acid 
at a temperature and for a reaction time to form a polyan- 
hydride having a weight average molecular weight in excess 
of 20,000; 

removing the polyanhydride condensation product 
having a weight average molecular weight in excess of 20,000 
formed by said polymerization} and 
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stopping said polymerization before said polyanhydride 
condensation product decreases in molecular weight. 

(11) The method of Claim 10 wherein the polymer 
is polymerized in the presence of a catalyst. 

(12) The method of Claim 11 vhtrein the catalyst 
is selected from the group consisting of acid/ base, and 
coordination catalysts. 

(13) The method of Claim 12 wherein said catalyst 
is selected from the group consisting of (CH^COO^Cd, 

alkaline earth metal oxides, calcium carbonate, and complexes 
of diethylzinc and hydroxylated compounds. 

(14) The method of Claim 10 further comprising 
forming at least one prepolymer from at least one highly 
pure dicarboxylic acid by refluxing said dicarboxylic acid 
in an aliphatic anhydride. 

(15) The method of Claim 10 further comprising 
forming at leaat one prepolymer from at least one highly 
pure dicarboxylic acid by reacting said dicarboxylic acid 
with an aliphatic acid chloride in the presence of an organic 
base . 

(16) The method of Claim 10 wherein said temperature 
is between 140°C. and 250°C. and said reaction time is 
between 10 minutes and 300 minutes. 

(17) The method of Claim 10 wherein said polymeriza- 
tion ia stopped before said polyanhydride forms an insoluble 
gel. 
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(18) The method of Claim 10 wherein said temperature 
ia approximately 180°C. and said reaction time ia approximate- 
ly 90 minutes. 

(19) The method of Claim 10 further comprising 
selecting at leaat one dicarboxylic acid from the group 

consisting of: 

aliphatic dicarboxylic acids having the formula: 



H00C-H 2 C-R-CH 2 -C00H ; 



aromatic dicarboxylic acids having the formula: 



HOOC 




aromatic dicarboxylic acids having the formula: 



HOOC 




aliphatic-aromatic dicarboxylic acids having 



the formula: 
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aromatic and aliphatic heterocyclic dlcarboxylic 
acids having the formula: 



(CH 2 )n 





HOOC-R 1 «< V R 2 COOH 



wherein X ia selected from the group consisting 
of oxygen/ nitrogen/ and sulfur/ and 

n is an integer between 1 and 3j and 

aromatic and aliphatic heterocyclic dlcarboxylic 
acids of the above formula in combination with at least 
one dlcarboxylic acid selected from the group consisting 
of aliphatic dicarboxylic acids/ aromatic-aliphatic dlcar- 
boxylic acids/ and aromatic dicarboxylic acids having more 
than one phenyl group/ 

wherein the R groups are divalent organic radical 

groups. 

(20) The method of Claim 19 wherein at least 
one dlcarboxylic acid is aelected from the group consisting 
oft 

sebacic acid/ 4, 4 [ft/ w-al)canediylbie(oxy ) Jbia 
[benzoic acid]/ isophthalic acid/ dodecanedioic acid/ 2/2'- 
[1/ 4-phenylenebis(oxy ) Jbisacetic acid/ l,4-bis(carboxy- 
methyl) benzene, 2, 2*-[ ( 1-methylethylidene )-bis( 4/ 1-phenylenc 
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oxy) Jbiaacttic acid, 2, 2-bia(4-carboxyphanyl )propana j taca- 
phthalic acid; 1/4 phanylana dipcopionic acid; 4/4'-(n- 
alkylidana)bia[banzoic acid]) and cyclohaxana dicacboxylic 
acids. 

AOS A COMPANY 

1700-360 Main Straat 
Winnipeg/ Manitoba/ Canada 
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